The satellite images of phytoplankton pigments off California show a high degree of heterogeneity. However, recurrent phytoplankton pigment structures can be identified in the California Current. The major ones are: two sharp boundaries several hundreds of kilometers long; low pigment eddies far offshore interwoven with higher pigment structures immediately inshore; a low pigment intrusion in the Southern California Bight, and a higher pigment region farther offshore; eddies "attached" to shallow coastal areas; and California Current rings spawned far offshore.
The California
Current is an eastern boundary current (Wooster and Reid 1963; Smith 1968 ) that has been extensively studied (e.g. Reid et al. 1958; Hickey 1979; Bernal and McGowan 198 1; Chelton et al. 1982 ; for an early study using satellite infrared sensors, see Bernstein et al. 1977) . Since 1949 the region has been regularly surveyed by the California Cooperative Oceanic Fisheries Investigations (CalCOFI), a multiagency project sponsored by the Marine Research Committee of the State of California. Large spatial scale monthly or quarterly CalCOFI cruises have measured physical, biological, and in some cases chemical properties, but phytoplankton pigments were measured only every third year since 1969 (see Owen 1974) .
To understand the biology of this region, it is important to have a better knowledge of the content and distribution of phytoplankton in its waters. Furthermore, the asl This work was supported by the Marine Life Research Program of the Scripps Institution of Oceanography.
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sessment of phytoplankton heterogeneity and the identification of its spatial structure constitute important information in biological oceanography, because of the well known nonuniform distribution of marine organisms (Steele 1978) , i.e. the so-called patchiness problem. The availability of data obtained by the Coastal Zone Color Scanner (CZCS) onboard the Nimbus-7 satellite (Austin 1980; Hovis et al. 1980 ) has greatly increased the possibilities of analyzing the patterns of distribution of phytoplankton pigments, both in space and in time (Smith and Baker 1982; Gordon et al. 1983 ). Here, we use a 34-month CZCS data set, available at the Scripps Satellite-Oceanography Facility, to describe the major phytoplankton pigment patterns in the California Current in time and space.
The degree to which CZCS data represent the state of the phytoplankton community, its biomass, and production is uncertain (Cullen 1982) . Because light attenuates rapidly with depth, the depths from which the signal is received are thought to vary, depending on the amount and vertical distribution of materials (including plant cells) 927 that absorb and scatter light (Gordon and Clark 1980; Smith 198 1) . Most of the information about chlorophyll concentrations may come from that part of the water column representing one attenuation length of light (Smith 198 1) . However, Platt and Herman (1983) found that the use of two attenuation lengths also yielded useful information, even though only a small fraction of the phytoplankton (5%) was in that fraction of the water column. This was possible, they say, because of the "reasonably consistent" vertical structure of phytoplankton abundance within regions. A variable vertical biomass structure would, of course, lead to variable attenuation depths and a variable relationship between the shallow and deep fractions of plant biomass. Such spatial and temporal variability in vertical patterns of phytoplankton abundance, particularly in the chlorophyll maxima, are known to occur in the California Current (Venrick et al. 1973; Cullen et al. 1982) . Fiedler (198 3) , sampling on fine-scales of space (5-40-m vertical; 50-500-m horizontal) and time (a few days) in May and October in this region, found broad 95% C.L. of mean chlorophyll concentrations at each of eight depths within the photic zone. He found even broader limits for assimilation numbers. That is to say: it seems undesirable, given the present state of our knowledge, to use theoretical or quasi-empirical considerations in interpreting CZCS data in terms of phytoplankton community statics or dynamics; rather we should depend on empirical ground-truth studies to aid in our interpretation of the remotely sensed data. Such empirical ground-truthing has been done in connection with the present study. A comparison of independent shipboard measurements of surface chlorophyll, as estimated by a frequently calibrated flowthrough fluorometer, and those of the CZCS on a 200-km transect made in June of 198 1 yielded a correlation coefficient of 0.92 (Pelaez and Guan 1982) . Further independent shipboard measurements of extracted, water-column chlorophyll made over a broad area of the California Current, also in June 198 1, showed that the surface chlorophyll concentrations were very well correlated (r = 0.86) with integrated water-column chlorophyll (Hayward and Venrick 1982) . But in spite of the high correlation coefficient there was considerable scatter about the regression; this means that surface chlorophyll is only a crude predictor of water-column biomass. Therefore until more is known of the relationship of nearsurface chlorophyll to the state of the phytoplankton community in the rest of the water column and until confidence limits can be placed on satellite-derived estimates, caution must be used in interpreting such measurements in terms of population biology or production. However, as we will show, remotely sensed near-surface chlorophyll concentrations in the California Current do yield regular patterns in time and space, especially on the larger scales. These patterns may be persistent or recurrent, are often consistent with measurements of other variables, can yield information, and therefore may lead to increased understanding.
Methods
We examined 37 1 CZCS overpasses (from July 1979 to April 1982) of the California ders, as opposed to the straightness of the latitudinal boundary. Its edge looks scalloped, with a large amount of smaller structure, possibly due to shear between the water masses with higher and lower phytoplankton pigment, while the latitudinal boundary appears to be fairly smooth. The existence of a longitudinal boundary is not surprising, because one expects phytoplankton pigment concentrations to decrease as one moves offshore toward the low pigment waters of the North Pacific Central Gyre. However, its scalloped, meandering character appears to indicate that this boundary is the zone of encounter of two highly dynamic regions.
The inner side of the longitudinal boundary is characterized by phytoplankton structures with higher pigment content alternating and interwoven with lower pigment structures located immediately offshore.
The outer side of the longitudinal boundary is characterized by the presence of large (about 200 km in diameter), clockwise eddies or vortices (four in Fig. 1 , three in Fig.  2 ) of low pigment concentration (about 0.1 mg md3), lined up in the longitudinal direction, which appear to interact dynamically with the higher pigment waters in the inner side of the boundary (see Simpson et al. 1984) . Basically, the offshore eddies, with their rotation, appear to be squeezing and pulling west the higher pigment structures that occur east of the boundary.
A narrow (a few kilometers wide), high pigment (often higher than 1 mg m-3) band is often present all along the coastline. Coastal areas near certain geographic points can have still higher pigment content. In addition, the coastal band can sometimes show gaps, or be reduced to coastal spots of higher pigment content, usually located near the same geographic points.
A region of low phytoplankton pigment content usually overlies the deep troughs and basins (Emery 1960 ) that characterize most of the Southern California Bight (the bight, for short). This low pigment area is a recurrent feature of the region. It is located immediately offshore of the narrow coastal band of high pigment content, and it is usually continuous with the low pigment region south of the latitudinal boundary ( Figs. 1  and 2 ). This feature can change seasonally in its spatial extent, its pigment content, and its intensity with respect to surrounding waters. More significantly, it can account for the typically oligotrophic character of the bight Eppley et al. 1970 Eppley et al. , 1978 . Figures 1,2 , and 3 show that a large region of high phytoplankton pigment content (often higher than 1 mg m-3) occurs far offshore, beyond the low pigment region in the bight. This biological "hot spot" loosely overlies the system of submarine ridges, banks (shallower than 500 m, often <200 m), and basins that make up the outer reaches of the southern California borderland (Emery 1960 ). This high pigment structure is a recurrent feature of the region, but it can change in extent, pigment content, and intensity with respect to surrounding waters. This high pigment region also represents a zone of doming up of isopycnals and nutrient isopleths (Thomas and Seibert 1974; Chelton 1982; Haury and Shulenberger 1982) and of maximum zooplankton biomass in the current at this latitude (Bernal 1980; Bernal and McGowan 198 1) .
Smaller eddylike structures "attached" to the coast, like those in Fig. 3 just south of San Diego and south of San Quintin, are also recurrent features. These counterclockwise eddies of high pigment content (usually l-2 mg m-") can be fairly large (about 100 x 50 km in Fig. 3 ) and have long stems or filaments reaching to broad coastal shelves. They may be similar to the "squirts," "jets," or "filaments" which Davis ( 198 5a, b) and Kosro (1985) found farther to the north.
The broader shelves of the California coastal region are areas of high phytoplankton pigment content (e.g. south of San Diego and vicinity of San Quintin, in Fig. 3 ). The attached eddies originate at these shelves. The eddies, as they rotate and develop, drift with the current, remaining connected with the shelf of origin only by a stem or filament of high pigment content.
Shallow basins and more or less enclosed shallow areas (like the Santa Barbara Channel, south of Point Conception) consistently show high phytoplankton pigment content, and gyral circulations are often present in these regions. oped California Current-spawned "rings" of higher pigment content (these structures are different from, and should not be confused with, the low pigment eddies or vortices described earlier). The rings are located several hundreds of kilometers offshore, beyond the longitudinal boundary that separates higher pigment waters from the lower pigment waters farther offshore. These rings (about 0.2 mg m-3) have a spoked appearance, are 100-200 km in diameter, and have a counterclockwise sense of rotation. Figure  4 also shows three additional rings which appear to be in the process of being spawned (far offshore Monterey, Point Conception, and northern Baja California). Apparently, the intruding, low pigment, offshore eddies erode, and eventually pinch off these rings from the higher pigment region inside the longitudinal boundary. Ring generation has been observed only in the fall or winter satellite data and may be in association with the more sluggish transport of the system (Reid et al. 1958; Hickey 1979; Chelton 1980) and with the generally weaker pigment structures during this time of the year. However, high pigment, nondetached eddies that protrude far offshore into the lower Monthly changes of the major structures We consider here the monthly changes (April 198 l-April 1982) of only the larger scale structures described before: the longitudinal and latitudinal boundaries, the high and low pigment structures at each side of the longitudinal boundary, the low pigment intrusion in the bight, and the high pigment structure overlying ridges and banks. The smaller scale structures described earlier (e.g. attached eddies and features associated with the coastal region) change rapidly (see Pelaez 1984) , and month-to-month comparisons are too separated in time to analyze them.
Probably the most significant result is the similarity and continuity of the larger scale patterns of phytoplankton pigment distribution throughout a year (Fig. 5) . The major pigment structures retain their identity, and both boundaries (latitudinal and longitudinal) are always present. Furthermore, the alternating and interweaving structures of high and low pigment, far offshore, can be consistently observed. For clarity, in the following analysis some structures are considered together, and the description is essentially divided in two parts. The changes related to the longitudinal boundary, with its associated low and high pigment structures at each side of it, are considered first. Then, the modifications of the latitudinal boundary and of the low pigment intrusion in the bight are examined.
The interaction along the longitudinal boundary-In early spring, the longitudinal boundary is present, but it does not meander markedly (April in Fig. 5a ). By late spring, however, the boundary conspicuously meanders, and the high pigment structures inside the boundary alternate with low pigment eddies that intrude from offshore (June in Fig. 5a ).
In summer, the interaction between oligotrophic and eutrophic waters at the boundary is strongest (Fig. 5b) . The high pigment structures inside the boundary are being strongly pulled seaward (cf. June-July and August-September in Fig. 5 ). In addition, there is erosion and rupture oFthe high pigment structures (compare the structures far offshore northern Baja California for July-August and August-September in Fig.  5b ). In summer, however, there are fewer and larger low pigment eddies offshore, and high pigment structures inside the boundary, than by late spring (i.e. three low pigment eddies offshore in July, August, and September, compared to four in June, in Fig. 5) .
By early fall, there is still a fairly strong interaction at the boundary (October in Fig.  SC ). But by mid-or late fall, this apparently relaxes, and the boundary becomes less convoluted (November in Fig. 5~ ). The high and low pigment structures increase in size and decrease in number (November and December in Fig. 5~ ).
In January, the large, high pigment structures far offshore increase their size (Fig.  5d) . From April 1981 to April 1982, no California Current-spawned rings were detected either in fall or in winter (as they were observed to occur in see February 1980 in Fig. 4) . However, February and March 1982 were quite cloudy, and any structures during this period in the northern or offshore regions of the images remained unobserved.
Changes in the latitudinal boundary and in the low pigment intrusion in the bight- Figure 5 shows that the latitudinal boundary is present throughout the year, though it may wobble, tilt, or change its position. In addition, the pigment gradient across the boundary markedly changes with time (see below). The low pigment intrusion in the bight is usually absent in spring (essentially April and May), but it occurs in summer, fall, and winter (Fig. 5) . However, it changes in its spatial extent, in its northern limit, and in its intensity (Fig. 6) .
In spring, the latitudinal boundary occurs progressively farther to the south (Figs. 5a and 6). After this southward shift, the boundary does not bend northward when it reaches the bight, as it usually does in other seasons, but rather continues southeast toward northern Baja California, and the low pigment condition, generally seen in the Southern California Bight, is absent (April and May in Figs. 5a and 6 ). In June, the boundary reaches farther offshore, it is straighter, and it appears slightly rotated (counterclockwise), without a marked change in position. In addition, the low pigment intrusion has become apparent in the bight (June in Fig. 5a ).
During summer, the boundary keeps slowly shifting to the south (Figs. 5b and 6 ), reaching its southernmost position by midor late summer (August or September). By late summer, however, the boundary is distinctly less intense (the pigment gradient is not as steep), and its outer edge is being eroded and ruptured (August and September in Fig. Sb) . Through the summer, the low pigment intrusion is clearly apparent throughout the bight (Fig. 5b) .
In October, the structures show a small pigment increase over the entire region of study. For the region to the north of the latitudinal boundary, the result is simply an intensification of the pattern, but for the bight, and for the region to the south of the latitudinal boundary, the October intensification has basically two consequences. First, it creates a fairly straight longitudinal boundary far offshore (300-400 km) Baja California (dashed line in October, November, and December in Fig. 5c ), but at lower pigment levels than those of the longitudinal and latitudinal boundaries farther north. Second, the October intensification blurs the boundary of the low pigment intrusion in the bight, because of the generalized (though small) increase in pigment content of the waters reaching far offshore. Interestingly, October's intensification generated small attached eddies in the San Diego-Ensenada area. The northward deflection of these eddies indicates northern near-coastal flow in the bight (October in Fig. 5~ ).
For the rest of the year, the latitudinal boundary slowly shifts to the north and reaches its northernmost position in late fallearly winter (Fig. 6) . During its retreat it weakens in intensity (i.e. contrast) and loses some of its offshore features (Fig. 5~) . The low pigment intrusion in the bight progressively dims through late fall and early winter (dotted line in November, December, and January in Fig. 5c, d ). But it remains detectable until next spring when it disappears altogether (April 1982 is included in Fig.  5d ), as in the preceding year.
The very large, high pigment structure loosely overlying the ridges and banks offshore is largest and most intense in spring and summer (see Figs. 1, 2, and 3) ; it becomes smaller and weaker in fall, and very weak or absent by late fall-early winter. Generalized weakening of all of the recurrent structures in the main body of the California Current, and blurring of the boundaries between structures, in late fall-early winter (December and January) results in a less heterogeneous distribution of phytoplankton pigments everywhere at this time of year. By midwinter (February), the pigment structures start to intensify (see Fig.  4 ) indicating the beginning of a new seasonal cycle. However, the initiation of the seasonal cycle does not occur simultaneously over the entire region. It occurs earlier off Baja California (usually in February) and slowly spreads north to southern and central California (in March and April).
The diagrammatic representation of Fig.  5 can be misleading because the intensity and sharpness of the structures is not included. Actually, the phytoplankton pigment patterns (see Figs. l-4) are very sharp and distinct in spring and summer (sharpest in summer), essentially from April through August. Then, the patterns progressively weaken through fall (except for the slight intensification in October) and become poorly defined by late fall-early winter (December and January). In addition, the absolute values of phytoplankton pigment concentrations are higher in spring and summer than in late fall-early winter. The seasonal change in pigment content is not uniform over the region; it is clearly more evident in the hot spots and for the higher pigment structures than for the low pigment regions (but a detailed, quantitative study of this problem is beyond our scope here).
Interannual comparisons
The question addressed here is: Are the seasonal patterns of phytoplankton pig- (Fig. 7) .
The three Aprils are remarkably similar. They all show a wide band of higher pigment content whose outer boundary is far offshore, from the latitude of Point Conception to the north. The latitudinal boundary is not very sharp and is skewed to the south. The low pigment intrusion is very weak, or absent, in all three Aprils (Fig. 7a) .
The three Julys are also similar. They all show the presence of both boundaries. There is obvious dynamic interaction along the longitudinal boundary, with the large, high pigment tongues stretching offshore. The latitudinal boundaries are farther south than in the three Aprils, and the low pigment intrusion in the bight is already present (Fig.  7b) . The fall diagrams for 1979 and 1980 show very complex patterns and the presence of California Current-spawned rings. In fall 198 1, however, no rings were observed, though erosion and rupture of the high pigment structures far offshore did occur (Fig.  7c) similar and are typical of a late fall-early winter situation. The latitudinal boundary lies far north in its range, and the low pigment region in the bight is large (Fig. 7d) . The intensity of the boundaries is quite low in both Decembers. February 1980 (Figs. 4  and 7d ) is different from both Decembers. First, it is a good example of ring generation in the California Current during winter. Second, the low pigment intrusion in the bight is reduced in size, the latitudinal boundary lies farther south, and the boundaries are more intense than in December. This is more typical of a late winter-early spring situation.
Thus, Fig. 7 indicates that the large-scale phytoplankton pigment patterns for a given season tend to reappear from one year to another in the 3 years analyzed. This recurrency of the phytoplankton pigment patterns is significant, because the patterns change within years, becoming very weak (and some of them disappearing) by late fallearly winter and then reforming in the spring. One exception to this may be the spawning of rings. Rings were observed in fall 1979 and 1980, and in winter 1980, but not in fall 1981 or in winter [1981] [1982] .
The diagrams can be misleading by possibly suggesting that the California Current is a stable and homogeneous region. Looking at the actual pigment images (Figs. l-4 Fig. 8 . Geostrophic flow at the surface (O-500 db) for June and July (15-year [1950-19641 monthly means [after Wyllie 19661) . Notice that the intrusion from the south and offshore develops in June-July.
would be far more evident if we had used smaller images, with the wobbling and shifting boundaries sometimes inside, sometimes outside of the image. However, large -enough images make it possible to recognize persistent patterns that occur and reoccur, but only on the larger scales (i.e. small-scale heterogeneity, but large-scale pattern). Therefore, what the diagrams actually indicate is that, by using large enough images, that is, by studying a large enough scale, it is possible to identify persistent and striking biological patterns. They are persistent in the sense that they recur and striking in the sense that they are large and with sharp gradients or edges. These features were either unknown or only dimly perceived earlier.
The biological and physical causation should be of great interest. 1979-1981. of the California Current (Reid et al. 1958; Wyllie 1966; Hickey 1979; Chelton 1980) at this time of year. 'The absence of the low pigment intrusion in the bight in early and midspring (see sections on monthly changes and on year-to-year comparisons) also seems to be associated with the strengthening of the current. This results in a stronger California Current influence in the bight at that time of year (see Reid 1965; Tsuchiya 1980 ).
In addition, the large-scale structures of phytoplankton pigments are more intense (distinct boundaries and higher pigment content) in spring and summer, weaken in fall, and are weakest (poorly defined boundaries, and lower pigment content) by late fall+arly winter, as mentioned before. These changes coincide with those observed in the transport of water and in the transport of nutrients (Haury and Shulenberger 1982) 198 1) showing the 500-, 1 ,OOO-, and 3,000-m isobaths. a. The low pigment structure, or intrusion, in the bight (the solid lines correspond to the structures in June and August 198 1, from Fig. 5 ) is continuous to the south but is blocked to the north and west by an cmbayment defined by the 500-m isobath. b. A high pigment structure (the solid line corresponds to the structure : c BYshore side of the embayment, especially when the in July 1979) overlies the submarine peninsula in the California Current is strong. the appearance of the low pigment intrusion in the Southern California Bight (June-July for the years analyzed; see Figs. 5a and 7b) with the 1 S-year monthly means of surface geostrophic flow (Fig. 8: after Wyllie 1966) suggests that this is a frequent feature and is an intrusion of warm, southern, offshore waters. It apparently occurs every year, starting to develop far south and offshore in June and intruding into the Southern California Bight in July, on the average. Independent surface geostrophic flow calculations over nearshore southern California (nine cruises over a 3-year period in Fig. 9a : after Tsuchiya 1980) show the reversal from southern to northern coastal flow in July and are consistent with the existence of this feature. Apparently, a slackening of the southern portion of the California Current (off Baja and southern California) by late spring or early summer (Reid et al. 1958; Wyllie 1966; Chelton 1980) progressively allows southern offshore waters to intrude into nearshore southern California on a yearly basis. Comparison with the 115year monthly means of north-to-south surface wind stress (Nelson 1977) at 33"N, 119"W (Fig. 9b) suggests a possible relationship with the late spring-early summer lessening of the winds as they progressively weaken from associated with more closely spaced isopleths).
The isopleths of dynamic height (O-500 db) were superimposed on the phytoplankton pigment image of 15 June 198 1 (Fig.  10) . Here, one can see that there is a close correspondence between the large-scale patterns of phytoplankton pigments and the flow of the current. Furthermore, Fig. 10 already suggests how some of the phytoplankton pigment patterns may arise. The "latitudinal" boundary occurs just north of a region where the California Current encounters a large mass of offshore water moving toward the coast. Therefore, this boundary is apparently related to a convergence situation and may represent a biological as well as physical frontal zone; that is, it is three-dimensional.
The oligotrophic intrusion into the bight apparently also derives from the flow of offshore water toward the coast that occurs off northern Baja California.
There are also some differences between the distribution of phytoplankton pigments and the isopleths of dynamic height. Several of these differences, however, can be due to the peculiar characteristics of each method of observation.
Different data collection times (25 days, from 18 May to 12 June, for the shipboard data; <4 min on 15 June for the satellite data) can result in shifts between the two distributions.
Different horizontal resolutions of ship and satellite measurements (stations tens of kilometers apart and contiguous squares about 0.7 km2 each, respectively) can also account for some of the differences, especially for the lack of detail in the isopleths of dynamic height. At any rate, the overall resemblance of the largescale patterns of phytoplankton with the flow of the current is obvious. Yentsch (1982) suggested that the pattern of distribution of phytoplankton is determined by vertical mixing and that a "close spatial relationship between water color and surface temperature is anticipated, as the inclination of isopycnals represents vertical transport of temperature as well as nutrients" (Yentsch 1982, p. 57) . But in the California Current the major high and intermediate pigment features occur in areas of relatively low salinity (Reid et al. 1958; Wyllie 1966) . The waters underlying these areas from which cold, nutrient-rich water would be derived by vertical transport are of high salinity. Therefore, our pigment patterns appear to be more closely related to horizontal transport from the north, the source of the low salinity water, than to vertical mixing as suggested by Yentsch (1982) . But the mechanisms responsible for patterns of plant biomass are no more clear in this area than any other, and apparently considerably more effort will be required before a general theory emerges.
Satellite infrared imagery -There are theoretical arguments that lead to the expectation that sea surface temperature and pigment will behave differently.
For example, Abbott and Zion (1985, p. 665) tried to explain some departures in linearity between temperature and pigment data derived from earlier measurements made in upwelling systems as follows:
cold, nutrient-rich, but low pigment concentration water is upwelled to the surface and then advected away from this upwelling center. As this water is exposed to high solar radiation phytoplankton grow rapidly and SST increases. Eventually, nutrients are exhausted, and pigment concentrations decrease while SST continues to increase.
But in a point-by-point, joint-frequency distribution of SST and pigment concentrations derived from images of the coastal region off northern California, this expectation was not generally confirmed. A large fraction of their high pigment values were in the coldest water, and intermediate temperatures had intermediate pigment values; however, highest temperatures did, indeed, have the lowest pigment concentrations. The few areas of low pigment and low temperature observed were small-scale features. Their result is similar to ours in that there appears to be an almost linear relationship between temperature and pigment. Figure 11 shows a sea surface temperature image obtained from infrared data (11,000 nm) collected by the Advanced Very High Resolution Radiometer (AVHRR) of the NOAA-6 satellite (Schwalb 1978; Bernstein 1982) . (The CZCS has an infrared channel at 11,500 nm, but it is less sensitive and has been giving areas of useless data in the images, apparently due to heating problems in the case containing the sensor.) The infrared data for the image in Fig. 11 were obtained on the evening of 14 June 198 1, about 16 h before data collection time for the phytoplankton pigment image in Fig. 1 . Lighter gray tones correspond to cooler sea surface temperatures (temperature resolution of the 11,000-nm AVHRR data is about 0112°C). The image in Fig. 11 has been registered to the same earth location as the image in Fig.  1 . Despite the nonsimultaneity of the images in Figs. 1 and 11 (phytoplankton pigments and sea surface temperature), there is a strong similarity between the two, especially on the larger scales. We can immediately recognize the same features in both images (e.g. the latitudinal boundary just south of San Diego, the longitudinal boundary meandering far offshore, warmwater eddies in the offshore side of the longitudinal boundary, etc.), including some of the minor details. A closer look shows that there are also some differences. The latitudinal boundary is sharper in the pigment image than in the thermal image. Furthermore, the similarity is generally better offshore than inshore. Some very cool coastal waters (Fig. 11) do not always show very high pigment content (Fig. l) , but such areas are small as compared to, say, the cold water in the upwelling zone on the coast of Baja California near San Quintin (Figs. 1, 11, 12) where pigment is very high.
The clear correspondence between the patterns of phytoplankton pigment ( Fig. 1 ) and those of sea surface temperature (Fig.  11) implies a strong cause-and-effect relationship with the large-scale population biology being driven by the physics responsible for the sea surface temperature patterns. This could come about in at least two related ways. Bernstein et al. (1977) , Van Woert (1982 , and Kelly (1983) have shown that the sea surface temperature images derived from satellite infrared data are closely related to ocean circulation. In this case the phytoplankton could be viewed as, in effect, passive drifters whose population dynamics (birth rate-death rate equilibria) simply have little influence on spatial abundance patterns. The other interpretation is that the nutrient content of colder water is systematically higher (Zentara and Kamykowski 1977; Silva 1982; Traganza et al. 1983) and that these cooler waters have a sustained input of nutrients that maintain high population densities of phytoplankton despite grazing and other sources of mortality and that somehow the carrying capacities are proportional to temperature. Neither of these explanations is satisfactory, and the relationship between satellite-derived sea surface temperatures and plant pigment concentration needs further consideration, as does our understanding of the in situ regulation of phytoplankton population dynamics. The relationship may not be consistent over time and may not hold at all in other areas on other scales.
Bathymetry- Figure  13 shows the 500-, 1 ,OOO-, and 3,000-m isobaths for the region of study (after Mammerickx and Smith 198 1) . Several features can be seen by comparing the bathymetry with Figs. 1-7 .
The larger scale structures far offshore (e.g. the longitudinal boundary, the low pigment eddies seaward of the boundary, the high pigment structures immediately inside the boundary) occur in quite deep water (> 3,000 m in Fig. 13a) , and no immediate connection with bathymetric features is apparent.
The low pigment structure in the bight lies within an embayment defined by the 500-m isobath (dotted line in Fig. 13a ). Open access to the south and possibly some insulation from the California Current by the submarine peninsula (shallower than 500 m, often <200 m) in the offshore side of the embayment (Shepard and Emery 1941; Sverdrup and Fleming 194 1) apparently facilitate the intrusion of low pigment waters from the south and offshore as the California Current slackens (see above and Figs. 8 and 9a).
A high pigment structure loosely overlies the submarine peninsula in the offshore side of the embayment (Fig. 13b) , especially when the California Current is strong (see last paragraphs in the section on monthly changes). The thermal infrared images also show that this is an area of cooler water most of the year. Apparently, a topograph-ically induced readjustment of the flow may be occurring in this region, as the sea floor rapidly rises from more than 3,000 m deep to 500 m or less over a short distance (Fig.  13a) . It is not unusual to detect surface manifestations of deep obstacles with satellite infrared imagery (see Legeckis 1979 and Kelly 1983 for examples over the Charleston Bump and over the Mendocino Ridge).
The location of the southern California eddy (Sverdrup and Fleming 194 1; Reid et al. 1958; Schwartzlose 1963; Owen 1980) coincides with the location of the high pigment structure loosely overlying the sumberged peninsula. However, in examining the satellite data, one does not see an actual, large eddy at this location. Instead, a complex oceanographic structure, apparently resulting from the interaction among a variable and shifting California Current, the periodic intrusion of waters from the south mentioned above, and the submerged peninsula behaving as a fixed obstacle to these changing flows, seems to be the rule. The term "eddy" for this complex circulation may not be appropriate.
The phytoplankton pigment content of shallow areas (e.g. shallow coastal band, broad shelves, shallow regions like the Santa Barbara Channel and Vizcaino Bay, in Figs. l-4) is higher than that of deeper regions (e.g. deep basins and troughs), in agreement with the results of Eppley et al. (1978) .
Localized areas of higher pigment content in the coastal zone occur episodically in the vicinity of many geographic points along the coast. Given a coastal region, however, the area of highest pigment content may occur near one geographic point at one time and recur near a neighboring point the next time. This may be due to complexities in the coastal circulation.
The effect of individual islands seems to be quite local, usually limited to the shallow areas around the island. In addition, one does not observe more or less permanent effects attributable to submarine canyons. In some cases, however, a patch or plume of higher pigment content may occur over, or near, the head of some of the submarine canyons in the region (a recurrent case is the Mugu-Hueneme submarine complex).
However, a detailed study of these two problems still needs to be done, with smaller images and consideration of each case individually.
The main features of the patterns of pigment distributions in the California Current are illustrated in a diagram (Fig. 12) and false-color image (Fig. 14) . There is a narrow, high pigment, coastal band almost always present (red and red-yellow, Fig. 14) . Small attached eddies sometimes occur in association with this band (Figs. 3, 4) . Farther offshore is a very large area of intermediate to high pigment water (primarily yellow with red spots, Fig. 14) . This feature is characterized by large tongues protruding seaward and an extraordinarily sharp southem boundary (transition from yellow to dark blue in Fig. 14) normal to the coastline but beginning about 160 km offshore and about 350 km long. The tongues are separated by what appear to be large eddies of low pigment water. On occasion this low pigment water may intrude to the coastline north of Point Conception. However, there is a consistent, regular, and massive intrusion of low pigment water from the south and west into the Southern California Bight on a seasonal basis ( Fig. 12 ; light blue in Fig. 14) . The outer edge of the entire, very large, low pigment area (light blue, Fig. 14) is scalloped with a meandering outer boundary that may also be due to eddies. These areas have at their cores very low pigment water (dark blue, Fig. 14) . Winter images show what appear to be separated rings containing water of fairly high pigment concentration at their cores. We do not know if these are regular features of the winter system (Figs. 4 and  12) .
We have described the main, large-scale features of the recurrent or persistent patterns of phytoplankton pigment concentrations in the California Current as seen by the CZCS. Many of these were unexpected but are not necessarily inconsistent with our previous understanding of spatial pattern. We make no attempt to explain these patterns in terms of phytoplankton population dynamics or nutrient cycling and recycling or hydrographic or climatic forcing. In order to understand the causation of pattern, we must describe it and show it to be significant and recurrent. The next step should be a combination of shipboard-remote-sensing work where specific features are investigated more closely.
